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Abstract

It has been hypothesized that generation of reactive estrogen—quinone species and oxidative stress, both of which result from the metabolic
activation of estrogens, plays an important role in estrogen-induced carcinogenesis. In the present investigation, we used an estrogen-inducec
hamster renal tumor model to identify gene(s) associated with oxidative stress that may be differentially expressed in estrogen-induced tumors
compared with untreated controls. Hamsters were implanted wghes#adiol (E2) for 7 months. This treatment resulted in the development
of target organ specific kidney tumors. Delta differential PCR technique on RNA isolated from estrogen-induced hamster renal tumors and
untreated control kidneys identified a number of cDNA fragments that were differentially expressed in tumor RNA compared with untreated
controls. We report the cloning of one of the differentially expressed cDNA fragments, the hamster calbindin-D28k (Cb28k) cDNA, and present
a finding that both Cb28k mRNA and protein are suppressed in estrogen-induced hamster renal tumors compared with untreated controls.
Cb28k is a Vitamin D3-dependent calcium binding protein that acts as a buffer to maintain intracellular calcium homeostasis, although its
exact role is still not clear. Since Ch28k gene has been shown to be associated with providing cells resistance against oxidative stress, Ch28k
may be an important biomarker in estrogen-mediated carcinogenesis and oxidative stress.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction standing of the mechanism of human mammary carcinogene-
sis through shared biochemical and molecular characteristics
Prolonged exposure of women to estrogens has consis{7-13]. In principle, however, the potential of an estrogen to
tently been associated with an increased risk of caie&, initiate estrogen—estrogen receptor mediated pathways does
and steroidal estrogens, includingptéstradiol (E2), have  not always correlate with its carcinogenic potential in rodent
been classified as human carcinogens by the National Insti-modelg[7,14—16] It has been suggested that oxidative stress
tute of Environmental Health Sciencigd. Recently, a clini- resulting from metabolic activation of carcinogenic estrogens
cal trial of estrogen plus progestin replacement therapy wasplays an important role in the estrogen-induced carcinogenic
terminated early due to elevated risk of breast cancer andprocesg7,17—-20] Recent studies of the hamster renal tumor
lack of overall benefit to the patier[§]. In studies of mecha-  model have shown that sub-chronic treatment of hamsters
nisms of hormonal carcinogenesis, natural hormones, such asvith the carcinogenic estrogen E2 results in increased oxi-
E2, as well as synthetic estrogens, such as diethylstilbestrol,dant stress levels in the target organ kidney, as reflected by
have been shown to induce tumors in rodent mof&is]. increased isoprostane formation, whereas treatment of ham-
However, the mechanisms of estrogen-induced carcinogen-sters for the same length of time with weakly carcinogenic
esis have not yet been fully characteriZ@&g], though the estrogen 1a-ethinylestradiol (EE) does n¢¥]. Addition-
estrogen-induced hamster kidney and the estrogen-inducedlly, treatment of both the hamster kidney tumor cell line H-
rat mammary tumor models have provided a degree of under-301 and of the human breast cancer cell line MCF-7 with the
carcinogenic estrogen E2 results in oxidant stress levels that
* Corresponding author. Tel.: +1 212 543 4128; fax: +1 212 543 4120, aT€ increased compared with those observed after EE treat-
E-mail addresshb2009@columbia.edu (H.K. Bhat). ment[17]. A possible explanation is that carcinogenic and
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noncarcinogenic estrogens differ in their metabolic activation differentially expressed between controls and treated groups
potential to produce catechol estrog¢hs,18,19] In turn, [30]. cDNA fragments that showed differential expression

redox cycling of catechol estrogens and estrogen quinonespatterns between control kidneys and renal tumors were ex-
results in free radical formation and in increased oxidative cised from acrylamide gels. DNA was extracted, purified, and

stresq19,20] re-amplified using the same primer sets for amplification that
Since E2 has high estrogenic potential, and its metabolism,was initially used for differential display. These cDNA frag-
unlike that of EE, confers high levels of oxidant str&47] ments were size fractionated on 2% agarose gels and visual-

through metabolic redox cycling of carcinogenic estrogen ized by ethidium bromide staining. The bands were excised
metabolites, it plays a substantial role in estrogen-induced from agarose gels, DNA was extracted using the Geneclean
carcinogenesis. In the present study, we attempt to iden-Il kit (Bio 101 Inc., La Jolla, CA), and subjected to sequence
tify genes associated with oxidative stress that may be dif- analysig31].

ferentially expressed in estrogen-induced tumors compared

with untreated controls. We identified and cloned the ham- 2.2.2. Reverse transcriptase-polymerase chain reaction
ster calbindin-D28k (Cb28k) cDNA, and investigated its ex- (RT-PCR) amplification

pression pattern in untreated control kidneys and renal tumor  The expression of Cb28k mRNA in hamster estrogen-
tissue of hamsters treated with E2 for 7 months. Cb28k is ainduced renal tumors and in age-matched untreated control
Vitamin D3-dependent calcium binding protein that has been kidneys was quantified by using RT-PCR amplification kit
suggested to act as a buffer in maintaining intracellular cal- (Invitrogen, Carlsbad, CA). Primers for PCR were designed

cium homeostasis, but its exact role is still unclgr,22]. using the sequence information from the previously cloned
However, the presence of Cb28k gene in cells appears to becDNA fragment. RT was performed using.§ of total cel-
associated with greater resistance to oxidative sfg3524]. lular RNA and an oligo-d7g primer. One to two microliters

We present a finding that both Cb28k mRNA and protein lev- of the RT product was used for PCR amplification with gene-
els are suppressed in estrogen-induced hamster renal tumorspecific primers. For semiquantitative comparisons, the same
compared with untreated controls. Cb28k may, therefore, be RT reaction products were used for PCR amplification of cy-
animportant biomarker relevant in studies estrogen-mediatedclophilin cDNA. PCR products were separated on a 1.5%
carcinogenesis. agarose gel, amplicons were visualized by ethidium bromide
staining, and negative films were used to record the images.
Band density was measured using a Molecular Dynamics
densitometer/ImageQuant program (Sunnyvale, CA), and ex-
pression of the calbindin-D28k cDNA fragment was quanti-
fied by representing the density of the appropriate band as

Male Syrian hamsters (4—6 weeks old, Harlan Sprague- & _rgtio to the amount of the corregponding cyclophilin am-
Dawley, San Diego, CA) were housed at our animal facility Plified fragmeng32]. Control experiments were performed
with Purina Rodent chow and water available ad libitum. © Select the number of cycles for PCR amplification such
Hamsters were sub-chronically treated with E2 (25 mg, s.c.) that the PCR pr.odu_cts obtained were within the exponential
implants for 7 months as described previoJ3Iy25]. A con- phase of amplification.
trol group was sham operated but received no treatment. Ham- .
sters received a second estrogen implant after 3 months of2-2-3- Cloning
initial treatmen{7,25]. After 7 months of continuous estro- For cloning of the full-length hamster Cb28k cDNA,

gen treatment, hamsters were sacrificed, and kidneys fromPrimers were designed based on maximum homology be-
untreated controls and kidney tumors from tumor-bearing tWeen rat, mouse, human cDNA sequences, and on the par-
kidneys were immediately excised and frozen in liquid ni- tial hamster cDNA sequence that we had obtained after ini-

trogen. E2 and other chemicals were purchased from Sigmatial differential dis_play PCR. Total RNA isol_ated from un-
(St. Louis, MO). treated hamster kidney was reverse transcribed and used for
PCR amplification. Primer set-&£TC TCA AAC TAG CCG

2.2. Characterization and cloning of the hamster Cb28k ~ CTG CAC C (forward) and 5GAC AGA TTT CTG TGT

2. Methods

2.1. Treatment of animals

gene CAC CTG TCT CCC TTC (reverse) was used for PCR that
resulted in the amplification 0£1400 bp cDNA fragment.
2.2.1. Differential display polymerase chain reaction This fragment was excised from a 1.5% agarose gel, and the

Total RNA was isolated from E2-induced hamster renal cDNA was purified using a QlAquick PCR purification kit
tumors and from untreated age-matched hamster kidneys(QIAgen, Valencia, CA). The-1400 bp fragmentwas ligated
Messenger RNA was reverse transcribed and PCR amplifiedinto pCR4Blunt-TOPO vector (Invitrogen), and subsequently
using a delta differential display kit (Clontech, Palo Alto, transformed into competerischerichia. coli(DH5a-T1®
CA) and a sequencing gel methodold@$—29] The delta strain). Transformants were plated on Luria—Bertrani agar
differential display protocol uses arbitrary primers and al- plates containing kanamycin (19@/mL), and, following
lows for the selection of random cDNA fragments that are overnight incubation at 37C, single colonies were identi-
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fied as probable positive clong3l]. These were grown in  the membrane with ImmunStar HRP substrate (BioRad) for
LB/kanamycin (10Qug/mL) suspension overnight at 3C, 5min at room temperature, and then exposing it to X-ray
and the recombinant plasmids were isolated and purified us-film for 15 s. Band intensity was then quantified using a den-
ing NucleoSpin Plasmid Kit (Clontech) according to the man- sitometer (Molecular Dynamics). The same membrane was
ufacturer's recommendations. Positive plasmid clones werestripped and reincubated with glyceraldehyde-3-phoshate de-
identified by PCR amplification of the plasmid DNA using hydrogenase (GAPDH) monoclonal mouse anti-rabbit anti-
M13 (forward and reverse) viral primers, calbindin-specific body (Research Diagnostics, Flanders, NJ). The secondary
primers (forward and reverse), and by digestion of the plas- antibody used for GAPDH detection was ECL anti-mouse
mid DNA with EcoRI for 1 h at room temperature followed 1gG (Amersham, Piscataway, NJ).

by electrophoresis on 1.5% agarose gels to screen for the

presence of the cDNA insert. The calbindin cDNA sequence

information was obtained using an ABI 3100 sequencer at 3. Results

our DNA Analysis and Sequencing Facility. Both M13 and

gene-specific primers (forward and reverse) were used in the3.1. Cloning of full-length hamster Cb28k cDNA

sequencing reaction, and the final sequence was verified us-

ing regions of overlap. Differential display PCR screening method enabled us to
identify 19 cDNA fragments that were overexpressed and 18
2.3. Immunodetection of calbindin cDNA fragments that were suppressed in estrogen-induced
kidney tumors compared with age-matched untreated renal
2.3.1. Protein isolation tissue based on at least two-fold difference upon densitomet-

Renal tissue excised from control hamsters and from E2- ric scanning (data not shown). The inter-analysis variance
induced tumors was frozen in liquid nitrogen and stored between triplicate samples ranged from 25 to 35%. DNA se-
at —80°C. Before analysis, this frozen tissue was thawed quencing and BLAST analysis of a shott350 bp) cDNA
on ice in RIPA buffer (50 mM Tris—HCI pH 7.4, 150mM fragment, mMRNA expression of which was suppressed in
NaCl, 1mL EGTA, 1% Triton, supplemented with 200mM estrogen-induced hamster renal tumors compared with un-
PMSF, 10.g/mL aprotinin, 1Qug/mL leupeptin, 1Qug/mL treated age-matched control kidneys showed its partial ho-
pepstatin, 0.2 M Ng/O4, and 0.2 M NaF), and homogenized mology to the 3-end of mouse, rat, and human Ch28k cD-
using PRO 200 homogenizer witha 5 mnY5 mmgenerator  NAs (data not shown). Attempts were subsequently made to
(PRO Scientific, Oxford, CT). Homogenization was carried PCR amplify a full-length hamster Cb28k cDNA from the
out by moving the motor speed dial of the homogenizer from kidney tissue. Primers were designed based on sequence ho-
0 to 5 (0—30,000 rpm) back and forth five times, for a total mology information among mouse, rat, and human Cb28k
homogenization time of5s. The homogenate was pelleted cDNAs, and on the sequence of the partial hamster Cb28k
by centrifugation at 10,000 g at 4°C for 10 min, and the ~ cDNA that was identified by differential display. A 1423 bp
supernatant was saved for further analysis. Total protein con-full-length hamster calbindin-D28K cDNA was successfully
centration in each sample was determined using the Piercecloned using total RNA isolated from untreated control ham-
Protein Assay Kit (Rockford, IL) according to the manufac- ster kidney by RT-PCR with primers$-&£TC TCA AAC TAG

turer's recommendations. CCG CTG CAC C-3(forward) and 5GAC AGATTT CTG
TGT CAC CTG TCT CCC TTC-3(reverse) Fig. 1). This
2.3.2. Immunodetection 1423 bp cDNA fragment was cloned into an expression vec-

Twenty micrograms of the total protein mixture isolated tor, and the subsequently amplified and purified plasmid DNA
from triplicates of control or E2-induced renal tumor tissue was analyzed for the presence of the expected size fragment.
was size fractionated on a 15% SDS-polyacrylamide gel, and Plasmid containing the appropriately sized insert was sub-
transferred onto a nitrocellulose membrane under standardiected to DNA sequence analysis using both M13 forward
conditions. After blocking in 5% dry non-fat milk/TBS/0.1% and reverse primers. Nested primers, whose sequence was
Tween-20 at 4C overnight, an affinity-purified goat poly- deduced based on data obtained on previous round of se-
clonal antibody raised against a peptide mapping at the car-quencing with M13 forward and reverse primers were also
boxy terminus of calbindin of human origin (Santa Cruz, used to sequence the clones, in order to attain complete com-
CA) was diluted 1:100 in 3%BSA/TBS/0.1% Tween-20 and plementarity and overlap of DNA bases. Based on the DNA
used for immunodetection. After incubation for 1 h at room sequence information, a full-length 1423 bp hamster Cb28k
temperature with the primary antibody, the membrane was cDNA sequence was derived that shows an ATG start site
washed once for 15min and twice for 5min in TBS/2% and a TGA termination signaF{g. 2). This 1423 bp gene
Tween-20. HRP-conjugated bovine anti-goat IgG was di- contains a 786 bp open reading frame, which corresponds to
luted 1:2000 in 3%BSA/TBS/0.1% Tween-20 and used as a functional protein consisting of 261 amino aciésg( 2)
secondary antibody. After incubation for 1 h at room temper- with a predicted molecular mass of 28 kDa. Full-sequence
ature, the membrane was washed again as described abovéomology queries sought using the NCBI BLAST Database
Chemiluminiscent detection was performed by incubating showed close matches to rat, mouse, and human Cb28k nu-
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1 2 Table 1
Percentage nucleotide (nt) and deduced amino acid (aa) homology between
hamster calbindin-D28K cDNA and mouse, rat, and human calbindin-D28K
cDNA
Rat Mouse Human
Percentage identity—nt 94 95 93
1650 bp - Percentage identity—aa 98 98 98

and visualized by ethidium bromide staining. The intensity
of the PCR-generated bands was measured using a Molecular
Dynamics densitometer/ImageQuaNT program (Sunnyvale,
CA), and the raw data was converted to a ratio of calbindin to
cyclophilin band intensity. About 90% decrease in the Cb28k
MRNA levels was detected in the E2-induced kidney tumors
Fig. 1. PCR amplification of calbindin cDNA. Total RNA from male Syrian compared with untreated controksig. 3).

hamster kidney was reverse transcribed and used for PCR amplification.
Primer set 5CTC TCA AAC TAG CCG CTG CAC C (forward) and’'5

GACAGATTTCTG TGT CAC CTG TCT CCC TTC (reverse) resulted in

the amplification of a 1423 bp cDNA fragment (lane 2). This fragment was . .
gel purified (lane 3) and subjected to DNA sequence analysis. 1=100bp  VVestern blot analysis was performed on proteins isolated

DNA ladder. from untreated age-matched control kidneys of hamsters and
from E2-induced renal tumor tissue in order to analyze the
cleotide and amino acid sequenc@alfle ). The hamster  expression of Cb28k at the protein level. About 75% decrease
Cb28k cDNA sequence information has been deposited with in the protein levels of Cb28k was detected in renal tumor tis-
the gene bank (Accession No. AY485347). sue of E2-treated hamsters compared with untreated controls

(Fig. 4).

850 bp -

3.3. Immunoblot analysis for Cb28k protein

3.2. mRNA analysis of Cbh28k

Messenger RNA levels of calbindin were measured in un- 4. Discussion
treated age-matched control kidney tissues of hamsters and
in E2-induced renal tumor tissue by RT-PCR analysis. The In the present study, we report the cloning of ham-
PCR-amplified cDNA was size fractionated on agarose gels ster Ch28k cDNA and demonstrate the suppression of both

ctctcaaactagecgetgeace atg gea gaa tcg cac cta cag tea tee ctg atc aca gec tca cag ttt ttc gag atc
ES HLQSSLITASQFFEI
tgg ctt cat ttc gac get gac gga agt ggt tac ctg gaa gga aag gag ctg cag aac ttg atc cag gag ctec ctg
WLHFDADG SGYLEGI KETL QNLTIQETLTL
cag geg cga aag aag get gga ttg gag tta tca cct gag atg aaa acc ttt gtg gat cag tat ggg cag aga gat
Q ARKKAGLELS PEMKTFVDQY G Q R D
gat ggc aaa ata gga att gta gag ctg get cat gtc ttg ccc aca gaa gag aat ttc ctg ctg ctg ttc cga tge cag
DG K I GIVELAHVLPTE ENFLLLFRCDAQ
caa ctg aag tcc tgt gag gaa (it atg aag act tgg agg aag tat gac act gac cac age ggc ttc ata gaa act
QLKS CE  EFMKTWRI KYDTDHS GFI ET
gag gaa ctt aag aac ttt cta aag gac ctg cta gag aaa gcc aac aag act gtg gat gat aca aaa cta get gag
EELKNFLKUDLILEI KANI KT VDDTKTLAE
tac aca gac ctc atg ctg aaa cta ttt gat tca aat aat gat gga aag ctg gaa ctg aca gag atg acc agg tta cta
YTDLMLI KLFDSNNDG KL ELTEMT RLL
cca gtg cag gaa aat tte ctt ctt aaa ttc cag gga atc aaa atg tgt gge aaa gag ttc aat aag get ttt gag tta
PVQ ENFLLKFQGIKMCGKETFNEK AFE L
tat gat cag gat ggc aac gga tac ata gat gaa aat gag ctg gat gt tta ctg aag gat ctg tgt gag aag aac
YDQ DGNGYIDENETLDALLK DLCE KN
aaa cag gaa ctg gat gitt aat aat att act aca tac aag aag aac ata atg gee ttg tcg gat gga ggg aag ctg tac
KQ ELDVNNITTY KKNIMALSDGGI KLY
cga aca gat ctt gce ctt att cte tet get ggg gac aac tag ttgtatctaaaacataactgtgcgcetataaaagagtaggctgta
RTDLALILSAGDN*
ttttcttttatatctgtaaattctactgeatatagagaattatccaggatgegttacacattettttctgettgtttctatactgtttgtaatgtacagttttt
gtaaccatataattgaaaagaagaaagtccatgcttagatcagtcagtacaatcaattaaaatgaatctaacatagttttgctttcacaaatgaag
ctgaacgtttgeatttccetaaaaattccaccaggattcatctaaaaacttetagggtcagatgtgtaaaatacacatetgtcactgagtagaaa
agtaaatcatgacaacccaagcattttattttaaacaatcataggactgtcccacaaagtaattctatgetgtetccatctagtagagggatatac
ttetgeatctgaageaccaaatatcaatagttagttgattatggctttattacaaaacagtitcectagagatttactttactgatcagtgaggtgtet
actgcttgaatagaaaccacactattgactcaagttggeatggtgacaagagaagggagacaggtgacacagaaatctgte

Fig. 2. Nucleotide sequence analysis and putative amino acid sequence of hamster calbindin D28K.
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Fig. 3. Differential expression of Cbh28k mRNA. Male Syrian hamsters were 0.0
treated with 25 mg pellets of E2 for 7 months. Control animals were sham op- (b)
erated and left untreated. Total RNA from E2-induced renal tumors (T) and
from kidneys of age-matched sham operated control hamsters (C) was iso-Fig. 4. Western blot immunodetection of calbindin protein. Male Syrian
lated and reverse transcribed, and both Cb28k and cyclophilin cDNAs were hamsters were treated with 25 mg pellets of E2 for 7 months. Control an-
PCR amplified. The PCR amplified products are resolved on 1.5% agaroseimals were sham operated and left untreated. Total protein was isolated
gels and visualized by ethidium bromide staining (a). Negative films of ethid- from renal tumors and from kidneys of age-matched sham operated ham-
ium bromide stained gels were quantified using a Molecular Dynamics den- sters. An affinity purified goat polyclonal antibody raised against a pep-
sitometer/ImageQuaNT program (Molecular Dynamics, Sunnyvale, CA). tide mapping at the carboxy terminus of Cb28k of human origin was used
About 90% decrease in Cb28k mRNA levels was detected in E2-induced for immunodetection. C = age-matched control kidney tissue, T = estrogen-
renal tumors (T) compared with sham-operated controls (b). The data pre-induced renal tumor tissue (a). Each lane containg@0f total protein.
sented are a ratio of the OD of Cb28k to cyclophilin band intensity and are a The same membrane was stripped and reincubated with glyceraldehyde-3-
meant S.E. of four different RT-PCR experiments performed using tissues phoshate dehydrogenase (GAPDH) monoclonal mouse anti-rabbit antibody
obtained from four different animals in each group. (b). Semiquantitative analysis was performed by using a Molecular Dynam-
ics densitometer/ImageQuaNT program (Molecular Dynamics, Sunnyvale,
CA), which demonstrated about 75% decrease in Cb28Kk protein level in E2-
Cb28k mRNA and protein in E2-induced hamster kidney tu- induced tumors compared with untreatgd controls (p) The data pre;ented
. are a meatt: S.E. of the OD of three different protein samples obtained
mors. The 1423 bp hamster Ch28k cDNA contains an OP€N om three different animals in each group and are represented as a ratio of
reading frame putatively translated into a 261 amino acid ch28k/GAPDH.
long peptide that shares high nucleotide and amino acid
sequence homology with mouse, rat, and human Cb28k
cDNAs (Table 3. Though its nucleotide sequence is 95% gree of variability, which may suggest differential degree of
matched to mouse, 94% to rat, and 93% to human Ch28kregulation.
mRNA, the amino acid sequence of the hamster Cb28k Chb28k is a Vitamin D3-dependent calcium binding pro-
protein bears 98% homology to its mouse, rat, and hu- tein that is localized to a variety of tissues, including brain,
man counterpartg33—35] Several functional domains, in-  kidney, intestine, lung, and reproductive org§2s]. It is a
cluding the C&*-binding domain (EF-Hand super family), phosphoprotein that may be regulated via a protein kinase C
are conserved across the four species. There is one amingignal transduction pathway, can bind three to five calcium
acid difference between hamster and mouse (V228| ham-ions, and may act as a buffer to maintain intracellular cal-
ster— mouse), two amino acid differences between ham- cium homeostasif22], but its exact role is still unknown.
ster and rat (V228I, T232S hamsterrat), and three amino It has recently been shown that Cb28k, a target of Vita-
acid differences between hamster and human (L44Q, E225D,min D action, is present in osteoblasts and protects against
and V228l hamster> human) Cb28k proteins. The V228l, TNF- and glucocorticoid-induced apoptosis of osteoblastic
T232S and E225D substitutions are conservative in the cells[36]. Cb28k gene also seems to be regulated in aging
amino acid properties, and so it would be unlikely that they and aging-related neurodegenerative disef@5e38] Ch28k
would result in significant differences in protein function. transcripts are 50-80% less in abundance in the hamster cere-
However, whereas the coding sequence of Cb28k is highly bellum of aged animals, compared with younger animals,
conserved across different species, thai@ranslated re-  suggesting that this calcium binding protein may also play
gion of calbindin-D28k cDNA shows a much greater de- an important role in neuronal degenerat[8i]. A selective
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and substantial age-related loss of Cbh28k has been demon- In summary, estrogen use has been associated with the de-

strated in cholinergic neurons of the basal forebrain, which velopment of human breast and uterine tuni@tg]. E2, in

are selectively vulnerable in neurodegenerative disorders ofparticular, induces high levels of oxidative stress in vitro and

the elderly, particularly in Alzheimer’s diseg88]. A tissue- in vivo systemg7,17], which greatly contributes to the car-

and organ-specific regulation of Cb28k gene expression by cinogenic potential of this chemicdl6—20] Cb28k gene has

estradiol has been demonstrated. In mouse models, calbindinbeen indicated to provide a cellular defense system against

D28k gene expression is down-regulated by estradiol in the oxidative stres$23,24] Cb28k may also play an important

uterus, but not in ovaries and ovidyg®,40] role in protecting cells and tissues against oxidative stress
Oxidative stress induces cellular damage to lipids, pro- mediated damage, and it may be an important biomarker in

teins, and membranes, and the oxidative stress created byhe situation where oxidative stress/free radicals are the ma-

metabolic redox cycling between catechol estrogens andjor contributors to the carcinogenic process. Further studies

estrogen quinones has been suggested to play an imporneed to be performed to elucidate the protective or preventa-

tant role in the estrogen-induced carcinogenic processestive effect of Cb28k against oxidative stress.

[7,9,20,41] Although the concentration of the unconju-

gated catechol estrogens is very low in systemic circula-
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